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© Universal computer-printer interface. 

© An interface for installation in a printer housing, to 
provide an adaptable connection between the printer and 
any of a variety of computers and to allow the printer- 
interface combination to emulate any of a number of 
different printers having different protocols for printer 
control codes. The interface can be conveniently switched, 
efther manually or under computer control, to adapt to a 
different control code protocol, to select one of several 
different standards for digital data transfer, to select a 
different baud rate for receiving serial data, or to adapt 
automatically to a transmission baud rate. Manual switches 
also permit reversal of the polarity of selected signals used in 
the transmission of data, to adapt to the conventions used in 
a selected computer. The interface also optionalty performs 
or initiates a number of print formatting control functions. 
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UNIVERSAL COMPUTER-PRINTER INTERFACE 

BACKGROUND OF THE INVENTION 

This invention relates generally to computer 
printers, and, more particularly , to printers of the type 
5 designed to produce "letter quality" or "typewriter 
quality" printing from data transmitted to it, usually 
from a computer. Prior to about. 1970, the only letter 
quality printers were electric typewriters adapted for 
connection to computers. A dramatic change in this 

10 technology occurred with introduction of the "daisywheel" 
printer, having a print element in which the characters 
are located near the ends of small flat, bars or reeds 
disposed radially about a central hub, like the spokes 
of a wheel with no outer rim, 

15 Initially, daisywheel printers were manufac- 

tured principally by only three companies. Although all 
used the American Standard Code for Information Inter- 
change (ASCII) standard for encoding printable characters 
and some control functions, each developed slightly 

20 different sets of codes for representing many other 
printer control functions. The ASCII standard defines 
eight-bit codes to be used to represent printable charac- 
ters and certain other control functions, but leaves some 
eight-bit code combinations open for individual defini- 

25 tion. 
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Also, different standards evolved for encoding 
new control functions as two-character strings, beginning 
with an "escape" code, usually indicated as ESC and 
having a hexadecimal code of IB, and followed by another 
5 character code. These control code pairs are used for 
indicating such functions as setting and clearing tabs, 
forward and reverse line feeding, designating super- 
scripts and subscripts, underlining, setting margins, 
and so forth. Because the control codes for different 
10 printers were not, and still are not, identical, pro- 
grams written to employ a particular printer could not be 
used without modification on a similar computer connected 
to a different printer. Moreover, so long as the early 
manufacturers of daisywheel printers maintained a 
15 dominant position in the marketplace, these sets of 
control codes, referred to as protocols, became practic- 
ally standards of the industry. A new daisywheel printer 
manufacturer could not achieve any measure of success 
without adopting one or another of the existing printer 
20 control protocols. Use of a printer with a protocol 
different from that for which a user's programs were 
written would require substantial modification of 
the computer programs. 

A further complication irj adapting a printer to 
25 operate in conjunction with an existing computer and its 
programs, is that different printers may employ different 
hardware conventions for the exchange of information. 
For example, one printer might transmit a positive 
voltage level to indicate that it is ready to accept 
30 more data, while another printer might use a negative 
level for the same purpose. If a computer user elects to 
install a different printer, the programs would need to 
be modified to reflect differences of this kind, as well 
as differences in the control code protocol. 
35 a related complication is that there are 
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different electrical interface standards for the trans- 
mission of digital data. Basically these standards fall 
into two categories, relating to serial or parallel data 
transmission. In a computer-printer interface of the 
5 serial type, information is transmitted bit by bit from 
the computer to the printer, and is then rearranged in 
eight-bit ASCII codes. In a computer-printer interface 
of the parallel type, there are normally eight data lines 
between the computer and the printer, and the information 

10 is transmitted character by character, eight bits at a 
time in parallel. When selecting a different printer for 
use with a computer, the user has to be sure that the new 
printer employs a data transfer standard that is also 
available in the computer. 

15 A user or potential purchaser of a new printer 

would often find these problems insurmountable. Even 
if the protocol differences could be taken care of by 
program changes, there would frequently be a hardware 
mismatch, either in data transmission standards, or in 

20 available plugs and cables between the computer and 
printer. 

Prior to the present invention, there were 
basically- two approaches - for " reducing" these "difficul- 
ties. The first approach is w^s to compensate for 

25 differences in protocols and signal level conventions by 
modifying software in the computer. Usually, a user's 
application programs do not need to be modified, but a 
new printer "driver" program must be developed to perform 
a translation of the control codes transferred from an 

30 application program. The printer driver can also com- 
pensate for differences in signal level conventions for 
ready signals and the like. However, the driver cannot 
overcome a hardware incompatabil i ty between serial and 
parallel interfaces,, or a cabling mismatch. The princi- 

35 pal disadvantage of this approach is that a computer 
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user who wishes to purchase a new type of printer must 
also buy or have developed a new printer driver program. 
Even then, the printer may not properly connect to the 
computer without substantial hardware modifications. 
5 The only other approach available prior to this 

invention was to employ a separate adapter panel to 
perform each desired translation of protocols, and 
to switch adapter panesl when different protocols were 
required . 

10 It will be appreciated from the foregoing that 

there has been a need in the computer printer field for 
an interface that is conveniently adaptable for connec- 
tion to, and use with, a variety of computers, and is 
also able to emulate operation of a variety of printers* 

15 The present invention satisfies this need. 
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SUMMARY OF THE INVENTION 

The present invention resides in a computer- 
printer interface that permits connection of a printer to 
any of a variety of computers, and permits programs in 
5 the computer to be run without modif ica t ion, even though 
the programs were written to address a different type of 
printer. In effect, then, the interface of the invention 
emulates operation of any of a number of printers, and 
may be readily adapted to utilize a selected hardware 

10 data transmission standard. 

Briefly, and in general terms, the novel 
interface of the invention comprises register means for 
registering data received from the computer; multi- 
conductor means for connecting the register means to the 

15 computer, including a multi-pin plug selected for connec- 
tion to the computer, and protocol selection means 
operable by manual control or computer control to select 
a protocol of printer control codes corresponding to 
those of a selected printer to be emulated. Also 

20 included are buffer memory means for storing printer 
control codes and printable character codes as received 
from the computer; means coupled to the protocol selec- 
tion means, for generating printer control signals in 
response to detection of printer control codes trans- 

25 mitted from the computer; and means for generating print 
signals corresponding to the printable character codes 
stored in the buffer memory means. 

The interface also includes serial and parallel 
data transfer control means, and data transfer mode 

30 selection means. The data transfer mode selection means 
in the presently preferred embodiment of the invention 
includes both a manually operated switch and means 
responsive to control codes transmitted from the com- 
puter. 
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The presently preferred embodiment of the 
invention also includes means for switching polarities of 
certain control and status signals to be consistent with 
those used in the printer being emulated or in the 
5 computer to which the interface is connected. In addi- 
tion, the preferred embodiment of the invention includes 
means for selecting from a range of baud rates, to be 
consistent with the rate at which information is trans- 
mitted by the computer. In one optional mode of opera- 
10 tion, the interface of the invention adapts automatically 
to the baud rate of the incoming data. 

In accordance with another aspect of the 
invention, the interface includes means for formatting 
lines of print as directed by control codes from the 
15 computer. For example, the proportional spacing values, 
i.e., the widths assigned to the printable characters, 
can be changed by designated control codes. Also, margin 
justification and text centering can be effected in the 
printer interface rather than in the computer software, 
20 and a margin justification limit can be varied by 
means of control codes. 

It will be appreciated from the foregoing that 
the present invention represents a significant advance in 
the field of computer printers^ In particular, the 
25 invention provides a novel interface that may be quickly 
adapted for connection to any of a variety of computers, 
and to emulate any of a variety of printers. Other 
aspects and advantages of the invention will become 
apparent from the following more detailed description, 
30 taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a simplified block diagram showing 
the interconnection of a computer and a printer, through 
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the novel universal interface of the invention; 

FIG. 2 is a simplified block diagram of the 
interface of the invention; 

FIG. 3 is a hardware block diagram of the 

5 interface; 

FIG. 4a is a flow chart showing the main 
sequence of operations of the interface in performing the 
function of printing characters; 

FIG. 4b is a flow chart showing operation of 
10 the interface in performing the functions of receiving 
and storing data; 

FIG. 5 is a flow chart showing the steps of 
initialization of the interface upon start-up; 

FIG. 6 is a flow chart similar to FIG. 4a, but 
15 showing the steps performed in more detail; 

FIG. 7 is a flow chart similar to FIG. 4b, but 
showing in addition the structure of protocol tables used 
in the interface; 

FIG. 8 is a flow chart showing the steps 
20 performed in changing a protocol table to select a 
different printer for emulation; and 

FIG. 9 and FIG. 10 are simplified flow charts 
showing the steps performed in selecting serial or 
parallel input to the interface. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENT 

As shown in the drawings for purposes of 
illustration, the present invention is principally 
concerned with computer printers, and, more particularly, 
printers of the type designed to produce letter quality 
30 printing from data transmitted from a computer. Although 
all such printers use basically the same standard for 
encoding printable characters for transmission, a variety 
of standards have developed for encoding special printer 
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control functions. These standards are referred to as 
protocols. Consequently, programs written for a par- 
ticular printer have to be modified if the printer is 
replaced with one of a different type. Prior to this 
5 invention, there has been no satisfactory way of over- 
coming these difficulties. 

In accordance with the invention , a printer, 
indicated by reference numeral 20 (FIG. 1) is provided 
with a unviersal interface, indicated at 22, for communi- 

10 cation with a computer 24 over a data path 26 m As will 
be described in detail, the interface 22 may be readily 
adapted, either by manual switches, indicated at 28, or 
by special commands transmitted over the data path 26, to" 
"emulate" any of a number of different printers, by 

15 effecting a translation of control codes in order to 
perform the desired functions. As far as the computer 24 
is concerned, the printer 20 and its interface 22 behave 
then exactly like a desired emulated printer. The 
printer 20 has its own protocol of control codes. If 

20 these are selected, the interface 22 then is not oper- 
ating" in an emulation mode, since no code translation is 
needed. Preferably, the printer 20 and interface 22 can 
be manufactured for sale at a lower cost than any of the 
printers that it emulates. More importantly, the printer 

25 20 and interface 22 can emulate any of a number of 
printers without modification of programs in the computer 
24. 

In accordance with another aspect of the 
invention, the data path 26 takes the form of a multi- 

30 line cable which is appropriately terminated at the 
computer end to plug directly into the computer 24. The 
universal interface 22 is readily adaptable to receive 
data in accordance with one of four commonly used stand- 
ards for digital data transmission, depending which 

35 standard or standards are available in the computer 24. 
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Thus, the user has only to select an appropriate cable 
for the data path 26, depending on the characteristics of 
the computer 24, and the printer 20 can be connected to 
the computer and switched to the appropriate protocol and 
5 appropriate interface standard. 

As shown in FIG. 2, the interface 22 (FIG* 1) 
is preferably implemented in the form of a microprocessor 
30. It will be understood, however, that the interface 
could, instead, have been implemented in hard-wired 
10 form. The interface 22 includes serial transfer logic 32 
and parallel transfer logic 34 for communication with 
the computer 24 (FIG. 1) in either a serial data trans- 
mission mode or a parallel data transmission mode. 
The microprocessor 30 controls operation of the logic 
15 32 and 34, as indicated by a broken line 36. From 
the parallel transfer logic 34, data flows over line 38 
to a register 40. If the serial transfer logic 32 
is operational, the serial data are passed over line 
42 and accumulate in parallel form in register 44. 
20 Character codes in one of the registers 40 and 44 are 
gated, under control of a signal on line 46 from the 
microprocessor " 30 , over lines 48 or 50 to an input buffer 
. 52. Flow o.f data_ into _and out of the input buffer 52_ is 
also controlled by the microprocessor 30, as indicated by 
25 broken line 54. 

Incoming data from the computer is stored 
in the input buffer 52 shortly after arrival at the 
interface. The buffer 52 is preferably large enough to 
hold many pages of typed data, so that the computer 24 
30 may be freed for other activities after transmitting the 
data to the interface 22. As soon as information is 
available in the input buffer, it is further processed by 
the microprocessor 30 and stored character by character 
into a print buffer 56, as indicated by a data line 58. 
35 The print buffer 56 is also under microprocessor control. 
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as indicated by broken line 60. As soon as a full print 
line of characters has been accumulated in the print 
buffer 56, the microprocessor 30 prints the line under 
control of printer control logic 62, which is also 
5 directed by the microprocessor, as indicated by broken 
line 64. Thus, character codes from the print buffer 56 
are transmitted over line 66 to the printer control logic 
62, and then over line 68 to the printer 20. 

It will be understood that FIG. 2 is a simpli- 
10 fied diagram intended only for purposes of explanation. 
It correctly depicts the logical flow of data through the 
universal' interface 22, but in the embodiment of the 
invention to be discussed in more detail, some of the 
elements and data flow lines of FIG. 2 have no true 
15 physical counterparts. For example, the input buffer 52 
and the print buffer 56 are part of a single memory 
device that is logically divided into input and print 
buffers, and the line 58 is, in fact, a flow of data 
through the microprocessor 30. These differences can be 
20 better understood by consideration of the hardware of the 
interface 22, as shown in more detail in FIG. 3. 

It will be seen from FIG. 3 that the micro- 
processor 30 has associated with it an address bus 70 and 
a data bus 72. The interface hardware also includes a 
25 random-access memory 74, which embodies the input buffer 
52 and the print buffer 56, and a read-only memory 76, 
principally for storage of programs of instructions for 
the microprocessor 30. As indicated by the arrows 78 and 
80, respectively, both the random-access memory 74 and 
30 the read-only memory 76 are addressable from the address 
bus 70. As indicated by the bi-directional path 82, the 
random access memory 74 can transfer data to or from the 
data bus 72, while the read-only memory 76 can only 
supply data to the data bus, as indicated by the data 
35 path 84. Also available as inputs to the microprocessor 
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30, through the data bus 72, are a number of manually 
operable switches. The principal ones of these are forms 
selection thumb-wheel switches, indicated at 86, panel 
switches 88 located on the front panel of the printer, 
5 and a number of manual switches referred to as DIP 
switches, indicated at 90, packaged in three dual-in-line 
packages. Also connected to the data bus 72 are certain 
cable input signals, indicated at 92, derived from a 
cable forming the data path 26 (FIG. 1) between the 

10 interface 22 and the computer 24, and selected outputs, 
indicated at 94, principally to the same cable and to the 
printer. The switches 86, 88 and 90, the selected cable 
inputs 92 and the selected outputs 94 are all addressed 
through address decoders 96, which receive address 

15 information from the address bus 70 and select the 
respective output and input devices over lines shown at 
98. 

The microprocessor 30 is supplied with timing 
signals from an oscillator 100 connected to a divide-down 

20 circuit 102, from which is derived a baud rate clock 
signal on line 104 and other clock signals necessary 
for operation of the interface, on line 106. In addi- 
tion, there is - a reset circuit 108, which provides a 
reset signal to the microprocessor 30 over line 110 

25 in response to a reset signal on line 112 during start- 
up of the interface 22. The reset circuit 108 also 
provides a system reset signal on line 114 to various 
elements of the interface. The only other control lines 
of the microprocessor 30 shown in FIG. 3 is an interrupt 

30 line 116, the significance of which will be explained 
shortly. It will also be appreciated that the micro- 
processor, which j.n the present embodiment is a conven- 
tional device of the well-known Z-80 type, has other 
control lines of a conventional nature, which are not 

35 shown in the drawing. 
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The other elements of the hardware of the 
interface that remain to be discussed are those involving 
connection to the printer 20 and to the computer 24. 
Connection to the printer 20 is made over a multi-line 
5 path indicated by the bi-directional line 120. The 
information passed to the printer 20 includes eight bits 
of character information derived from the data bus over 
path 122 and through gates 124. In addition, address 
information is also required, since the printer 20 may 
10 include different subsidiary controllers for effecting 
movement of the print wheel, the carriage, and the line 
advance mechanism. Accordingly, three bits of address 
information are shown as being derived over line 126 from 
the address bus 70. Finally, other control signals may 
15 be output directly to the printer 20 from the data bus 
72. These are shown as being supplied over path 128 from 
the data bus 72 to the block labeled "selected outputs" 
(94) and thence over connector A to the lines 120. Data 
paths 122 and 120 to the printer 20 are shown as bi- 
20 directional, since status information can be requested 
from the printer and passed back over the same lines that 
are used to transmit data to the printer. 

Connection of the interface 22 to the computer 
24 is of a more complex nature, because of the possible 
25 use of one of two types of parallel data transfer stand- 
ards or one of two types of serial data transfer stand- 
ards. Accordingly, as shown in FIG. 3, the interface 22 
includes parallel control circuitry 130 and serial 
control circuitry 132. Parallel data inputs are trans- 
30 mitted from the computer 24 over lines 134, and are 
initially stored in a latch 136 having gated outputs to a 
data path 138 connected to the data bus 72. Depending on 
the type of parallel interface being used, either a 
strobe signal on line 140 or a data-available signal on 
35 line 142 will accompany the parallel data input on lines 
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134. One of these two control signals is supplied to the 
parallel control circuitry 130 and also to an interrupt 
processing circuit 144 which, upon receipt of one of the 
signals, generates an interrupt on line 116, to notify 
5 the microprocessor 30 that a parallel input is available 
in the latch 136. 

Other parallel control signals are received as 
indicated by line 146 to the parallel control circuitry 
130, and some of these are read directly into the data 
10 bus 72 over line 148, and through connector C to the 
selected cable inputs 92, There are also control signals 
directed from the interface 22 to the computer 24, as 
indicated by the arrow 150 from the parallel control 
circuitry 130. These are supplied to the control cir- 
15 cuitry 130 over line 152, which is coupled via connector 
B to the selected outputs block 94. 

Serial data is input over line 154 to the 
serial control circuitry 132 and is then transmitted to a 
universal serial asynchronous receiver/transmitter 
20 (USART) 156, for serial-to-parallel conversion. When the 
USART 156 has accumulated eight bits of input data, it 
generates signal on line 158 to the interrupt processing 
circuit "144, which in turn generates an interrupt on^ tine " 
116 to the microprocessor 30. The microprocessor 30 can 
25 then read data from the USART 156 over line 160 to the 
data bus 72. Other necessary control signals are re- 
ceived from the computer 24, as indicated by line 162, or 
are transmitted to the computer, as indicated by line 
164. 

30 In coupling the interface 22 to the computer 

24, an appropriate selection of the lines 26 shown at the 
bottom of FIG. 3 is connected to the computer, depending 
upon the equipment available at the computer and the data 
transmission standard employed. The lines 26 include 

35 sufficient control signal lines to adapt to two parallel 
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data transfer standards and two serial data transfer 
standards. The parallel standards are the ANSI-IEEE STD. 
488-1978 standard for parallel data transfer. ANSI is 
the American National Standards Institute and IEEE is the 
5 Institute of Electrical and Electronics Engineers. The 
other parallel data transfer standard has no name but is 
widely known in the industry and is sometimes referred to 
as the Dataproducts standard. The serial data transfer 
standards that can be accommodated are the RS-232 stand- 
10 ard promulgated by the Electronic Industries Association 
(EIA) , and the serial standard referred to as current- 
loop, suitable for communications with teletype ma- 
chines . 

Operation of the hardware described with 
15 reference to FIG. 3 can best be understood by reference 
to the flow charts included in FIGS. 4-10. As shown in 
FIG. 4a, when the microprocessor 30 is first started up, 
an initialization function, indicated by block 170 is 
first executed. Then, a character is retrieved from the 
20 input buffer 52, as indicated at block 172. If the input 
buffer 52 is empty, the microprocessor remains in a 
relatively idle state, as indicated by line 174 looping 
back to the entry point of block 172 again. After a 
character has been retrieved from the input buffer 52, 
25 if it is a printable character it is immediately stored 
in the print buffer 56, as indicated at block 176. As 
indicated in block 178, control functions are performed 
for certain non-printable characters that represent 
control functions to be performed at the stage that data 
30 is printed. As indicated by line 180, the af oredescr ibed 
sequence of functions is repeated for additional charac- 
ters retrieved from the input buffer 52, until such time 
as the buffer is emptied. This sequence of functions is 
described in more detail with reference to FIG. 6. 
35 Filling the input buffer 52 is accomplished by 
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the functions shown in FIG. 4b. Upon the occurrence of 
an interrupt signal on line 116 to the microprocessor 30 
(FIG. 3) , the microprocessor registers are first saved, 
as indicated at 182. Then the character input from the 
5 computer 24 is stored in the input buffer 56, as indi- 
cated at 184. If the character being processed relates 
to a control function that must be performed at data- 
input time, the appropriate function is performed right 
away, as indicated at 186. Then the contents of the 
10 microprocessor registers at the time of the interrupt are 
restored, as indicated at 188, and return is made to the 
point of interruption of the microprocessor. It will be 
understood that the microprocessor performs the functions 
shown in FIG. 4a on a continuous basis unless inter- 
15 rupted by data arriving from the computer 24, at which 
time the interrupt routine described with respect to FIG. 
4b is executed. 

The initialization function 170 of FIG. 4a is 
shown in more detail in FIG. 5. Basically, it first 
20 involves a software initialization step in which the 
buffers 52 and 56 are cleared, and the switches 86, 88 , 
and 90 (FIG. 3) are read and the values they represent 
-are - processed by- setting - appropriate flags for - the - - - 
microprocessor programs. The 'software initializa- 
25 tion step is shown at 190. Then follows a hardware 
initialization step 192, including a determination of 
the baud rate. 

As shown in more detail in FIG. 6, the main 
processing loop of FIG. 4a includes the first step of 
30 getting a character from the input buffer 52, as shown at 
172. Next, the switches 86 relating to forms selection 
and the printer control switches S3 are read, as indi- 
cated at 194. A question is next posed, ar block 196 as 
to whether the character retrieved is a printable one. 
35 If it is, the path indicated by line 198 is followed. 
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If the character is not printable, a search is 
first made for the character a function table stored in 
the read only memory 76, as indicated at block 200. If 
the non-printable character is located in the function 
5 table, the table provides the address of a corresponding 
function to be performed, and the required function is 
performed as indicated at block 202. Basically, the 
function table is a list of control codes and their 
functions that are common to all printers that the 
10 interface is required to emulate. If the non-printable 
character is an escape code (usually written ESC), this 
indicates that a special control function encoded in the 
next following character is to be executed. It is in 
this area that printers differ considerably from each 
15 other in the code assignments for these special control 
functions. 

As indicated at block 204 , if the detected 
non-printable character is an escape code, the next 
character is examined. Then a pointer is obtained to a 
20 set of protocol tables, as indicated at 206. The struc- 
ture of these tables is shown in fragmentary form in FIG. 
7. Basically, for each printer that is to be emulated 
there are two tables of control codes, one for use at 
input time, i.e., in conjunction with the interrupt 
25 processing routine shown -in FIG. 4b and in FIG. 7, and 
the other to be used at print time, i.e., in conjunction 
with the main print routine included in FIG. 4a and in 
FIG. 6. Each such protocol table includes a list of 
cedes that may follow an escape code, and a corresponding 
30 list of addresses of sequences of program instructions 
for performing the required functions. A protocol table 
pointer, shown at 208 in FIG. 7, points to the protocol 
tables for one of several different printers that may be 
emulated. In block 210 of FIG. 6, the address corres- 
35 sending to the control code currently being processed 
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is obtained from the protocol tables, and in block 212 
the sequence of instructions beginning at the address 
thus obtained is executed. 

By way of example, one of the most important 
5 routines for sequences of instructions that may be 
executed by this means is the designation of a different 
printer for emulation. It will be noted in FIG. 7 that 
the first entry in the print-time protocols, for both 
printer #1 and printer #2, is a code listed as ESC, i.e», 
10 the escape code. Thus, if the processing of input 
characters in accordance with the flow chart of FIG. 6 
results in the detection of a first escape code, which 
leads to a search of the protocol tables, and next in the 
detection of a second escape code, then the address 
15 retrieved from the protocol table will be that labeled 
CHOOSE. This happens to be the address of a sequence of 
instructions for changing the protocol table pointer to a 
new value. As shown in FIG. 8, the CHOOSE sequence first 
gets yet another character from the input buffer, as 
20 shown at 214, and then changes the protocol table pointer 
as shown at 216. The code for changing protocols is a 
sequence of three characters including two escape codes 
followed by" the code" number of ~ the new "printer whose" 
protocol is to be selected. 4 
25 Protocol selection is initially controlled by 

the settings of DIP switches C5-C8, i.e., during the 
software initialization step 190 (FIG. 5) , and may be 
later changed by transmission of control codes to the 
interface, as discussed' above. Table 2 defines the 
30 protocol selection codes. 

The protocol designated "CIT is the one used 
by the printer that is coupled to the interface in the 
presently preferred embodiment of the invention. The 
"diagnostic" protocol is used as a diagnostic tool in 
35 testing the interface. It allows the user to print out 
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hexadecimal control codes to determine what is being 
received from the computer. The "Softkey" protocol 
permits a user to define a character code to be used 
instead of the escape code when regular ESC codes are not 
5 used . 

If the answer to the printable-character 
question in block 196 of FIG. 6 is affirmative, and if 
proportional spacing is selected by the user, the propor- 
tional spacing data is next obtained for the character, 
10 as indicated at block 218. Then the character is stored 
in the print buffer 56, as indicated at block 220. As is 
conventional in some printers and word processors, each 
printable character has assigned to it a specific charac- 
ter width, narrow letters such as i and j being assigned 
15 a smaller width than wide letters such as m and w. If 
the print buffer 56 does not contain a full line after 
storing the character in the buffer, as determined by the 
auestion posed in block 222, processing of this particu- 
lar character is complete. The path then taken is shown 
20 by line 224, and another character is retrieved, as 

indicated in block 172. 

If the print buffer contains a full line, 
a printable line is ready for transmittal to the printer 
20. First, however, the information stored in the 
25 print buffer 56 is adjusted for text centering or for 
right-hand justification, either of which may have been 
selected. This is indicated in block 226. It will be 
understood that block 226 may also be reached if the 
character just processed involves a line feed or carriage 
30 return, in other words a forced end-of-line. In this 
instance, text centering of the line may have also been 
requested by a special control code, in' which case 
blanks would be inserted at the start of the line to 
center the textual material in the middle of the page. 
35 if justification has been selected, the remaining space 
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between the end of the last word of text, and the right 
hand margin will be distributed as evenly as possible 
among the word spaces in the line 0 

One of the switches that is read periodically 
5 by the microprocessor is a forms control switch that 
determines the length of the form, i e e, the number of 
lines of print per page of the form. From this informa- 
tion, and the number of lines printed on the page, the 
microprocessor can determine when the end of the page has 

10 been reached* As indicated in block 228, if the end of 
the page has been reached, forms control functions may 
have to be performed, such as ejecting a page if single 
sheets are used, or advancing a continuous form to the 
top of the next page. 

15 Before printing, a decision has to be made 

as to whether printing is to be formed in a forward or 
reverse direction, as indicated at block 230, For the 
printer employed in the preferred embodiment of ^ the 
invention, the print carriage can operate in either 

20 direction, principally to avoid wasting time in reversing 
the carriage to the left hand position before printing 
each line. Depending on the position of the carriage 
after printing the previous line, the carriage may 
be moved either to the right-hand end or the left- 

25 hand end of its travel for printing the current line* 
Finally, as indicated in block 232 , the line is printed 
from the print buffer 56 and return is made to get 
another character for input* 

The interrupt processing routine of FIG«'4b is 

30 shown in more detail in FIG, 7. It will be recalled that 
the microprocessor registers are first saved, as indi- 
cated at 182, and then the character being input is 
stored in the input buffer 52, as indicated at 184, If 
the character is printable, as determined by the test in 

35 block 240, nothing further needs to be done at this 
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point, and exit is made over line 242 to block 188, for 
restoration of the registers. If the character is not 
printable, the protocol table pointer 208 is next 
obtained, as indicated at 244. Then a search is made of 
5 the input-time protocol table, as indicated at 246. 

As discussed with respect to FIG. 6, the 
protocol tables include code tables of two basic types 
for each printer to be emulated. There are some control 
codes that have to be processed immediately at input 

10 time, and these are in the input-time table. Others have 
to be processed at print time, and these are in the 
print-time table. Some of the control characters appear 
in both tables. In any event, a search is made of the 
input-time protocol table, and if a match is found with 

15 the character that has been input, an address is obtained 
of the corresponding control function sequence of in- 
structions to be performed. This is indicated in block 
248 . If a successful search is made, the appropriate 
function is performed in block 186. 

20 By way of example, if the code following an 

escape code is the code for the letter V, the search of 
the printer "1 protocol tables will locate the address 
SETBOD, which is the address for the routine to change 
the input baud rate. This sequence of instructions 

25 involves inputting another character indicative of the 
new baud rate, as shown at 250, then storing this 
in an appropriate baud rate indicator, as indicated at 
252 . 

Other functions that may be performed at input 
30 time are shown in FIGS. 9 and 10. Specifically, these 
involve changing the data input standard from serial to 
parallel or parallel to serial. As indicated at 254 and 
256, these are relatively simple sequences of instruc- 
tions involving only the setting of an appropriate flag 
35 for parallel or serial input. These flags are referred 
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to by the microprocessor 30 when processing input from 
the computer 24, to insure that the appropriate control 
logic is used for either the serial or the parallel data 
transmission standard ♦ 
5 The DIP switches 90 (FIG. 3) play an important 

role in allowing the interface to be adapted to emulate 
various printers. Other interface parameters are also 
set initially through these switches, and some may be 
later changed by control codes transmitted to the inter- 

10 face. Accordingly, it will be useful to list the mean- 
ings of the switch positions., There are eight switches 
in each of three switch packages, designated the top 
switches (T1-T8) , center switches (C1-C8) and bottom 
switches (B1-B8). Their meanings are shown below in 

15 Table L (Unless stated otherwise, a switch in the OFF 
position has the opposite meaning to that given for the 
ON position,,) 



20 



25 



TI ON 
TI OFF 
T2 ON 
T3 ON 

T4 ON 
T4 OFF 
T5-T8 



TABLE 1 

Continuous paper is in the printer 
Cut paper is in the printer 
Sheet feeder is present 

-Invert -polarity of -RS-232 reverse channel- 
signal (normally negative-busy) 
8 lines per inch vertical motion 
6 lines per inch vertical motion 
Language selection 



30 



CI ON 
CI OFF 
C2 ON 
C3 ON 
C3 OFF 
C4 ON 
C5-C8 



"Ready" polarity is + when ready 
"Ready" polarity is - when ready 
Print the ASCII character 7FK (delete) 
Negative strobe signal 
Positive strobe signal 
Automatic baud rate selection 
Protocol selection (see Table 2) 
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10 



15 



20 



25 



Bl ON : Automatic line feed with carriage return 
B2 ON : Serial data interface 
B2 OFF: Parallel data interface 

B3 ON : Even parity if B2 ON? negative acknowledge 

pulse if B2 OFF 
B3 OFF: Odd parity if B2 ON; positive acknowledge 

pulse if B2 OFF 
B4 ON : Parity ON if B2 ON; MSB of device address 

if B2 OFF 

B4 OFF: Parity OFF if B2 ON; MSB of device address 
if B2 OFF 

B5-B8 : B2 OFF , low four bits of device address 
B2 ON, baud rate as follows: 



B5-B8 (1 = OFF) 



BAUD RATE 



30 



0000 


50 


0001 


75 


0010 


110 


0011 


134 .5 


0100 


150 


0101 


300 


0110 


600 


0111 


1200 


1000 


1800 


1001 


2000 


1010 


2400 


1011 


3600 


1100 


4800 


1101 


7200 


1110 


9600 


1111 


19200 



TABLE 2 



C5-C8 (1 = OFF) 
1000 



Code following 

ESC ESC 

H 



Protocol 
NEC 3510 
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1001 
1010 
1011 
1100 
1101 
1110 

1111 

0000-0111 



I 
J 

K 
L 
M 
N 
O 

8, A-G 



DIABLO 630 
QUME SPRINT 9 
ATARI 82 5 
IBM 

DIAGNOSTIC 
CII 2000 
SOFTKEY 
not defined 



Important among the DIP switches are those 

10 designated CI, C3 and B1-B4. These switches define 
in detail the data transfer standard to be used, and 
allow the interface to be quickly adapted for use with 
practically any computer. 

In addition to the DIP switches, there are 

15 several printer front panel switches that are monitored 
by the interface throughout its operation. These are the 
form length switches, to select form length in increments 
of l/6th of an inch, the character pitch switch, switch- 
able to 10, 12 or 15 c-p.i., the line spacing selection 

20 switch, switchable to 1, 1.5 or 2 lines per line feed, 
and three printer control push buttons. The printer 
bushbutton controls include a READY switch that toggles 
between on-line and off-line conditions when pressed, a 
line-feed switch operable only in the off-line condition, 

25 and a top-of-form switch operable in the off-line condi- 
tion. 

Another important aspect of the present inven- 
tion is its ability to adapt automatically to the baud 
rate at which data is transmitted by the computer in 
30 serial mode. If DIP switch C4 is on, the microprocessor 
monitors the baud rate of the first character to be 
transmitted, which has to be a particular code, namely 
a carriage return (hexadecimal code OD0 . The baud 
rate in the interface 22 is then selected accordingly for 
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all subsequent data transmission. 

Many of the control functions selectable 
by means of the DIP switches in accordance with Table 
1 are also selectable by control codes transmitted 
5 from the computer. A complete list of these control 
codes is given in Appendix A to this specification. 
The codes given in the appendix are those for operation 
of the interface when not in emulation of another 
printer. That is, the codes represent the protocol 
10 of the actual printer used in the preferred embodi- 
ment , 

Appendix B contains complete schematic diagrams 
of the interface, and Appendix C is a complete assembly- 
language listing of the programs employed by the inter- 

15 face microprocessor. 

It will be appreciated from the foregoing 
that the present invention represents a significant 
advance in the field of computer printers. In par- 
ticular, the invention provides an extremely convenient 

20 computer-printer interface that can be more easily 
adapted to connect to any of a variety of computers 
and emulate any of a variety of printers under manual 
or computer control, without complicated wiring . or 
jumpering of components. It wil^L also be appreciated 

25 that, although a specific embodiment of the invention 
has been described in detail by way of illustration, 
various modifications may be made without departing 
from the spirit and scope of the invention. Accord- 
ingly, the invention is not to be limited except as 
30 by the appended claims. 
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WE CLAIM : 

1. A universal computer-printer interface 
for installation within a printer housing, to allow 
the printer to be connected to a selected one of a 
variety of computers and to emulate any of a variety 
5 of printers, said interface comprising: 

register means, for registering data re- 
ceived from the computer; 

serial data transfer control means; 

parallel data transfer control means; 
10 multi-conductor means for connecting said 

register means and said serial and parallel data transfer 
control means to the computer, including a multi-pin plug 
selected for connection to the selected computer; 

protocol selection means, including a plurality 
15 of manual switches mounted on the printer housing, for 
selecting a protocol of printer control codes correspond- 
ing to those of a selected printer to be emulated; 

data transfer mode selection means, for 
selecting an appropriate serial or parallel data transfer 
20 mode; 

buffer memory means, for storing printer 
control codes and character co^es as received "from 
the computer; 

means coupled to said protocol selection 
25 means, for generating printer control signals in response 
to detection of printer control codes transmitted from 
the computer, whereby the printer will be controlled in 
accordance with the protocol of control codes of the 
printer selected for emulation; and 
30 means for generating print signals correspond- 

ing to the printable character codes stored in said 
buffer memory means. 
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2. A universal computer-printer interface 
as set forth in claim 1, wherein said protocol selection 
means, also includes means for selecting a set of proto- 
cols in response to control codes transmitted from the 

5 computer. 

3. A universal computer-printer interface 
as set forth in claim 1, wherein said data transfer 
mode selection means includes manually switchable means 
for selecting a data transfer mode for use in said 

10 interface. 

4. A universal computer-printer interface 
as set forth in claim l f wherein said means for gener- 
ating printer control signals includes: 

means for accessing protocol table corres- 
15 ponding to a last-selected printer protocol, each entry 
in the table having a control code and a corresponding 
pointer to a control function to be performed; 

means for finding a match between a received 
control code and an entry in a list of control codes 
20 in the selected protocol table; and 

means for initiating the control function 
corresponding to the indicator j.n the matching entry 
of the protocol table. 

5. A universal computer-printer interface 
25 as set forth in claim 4, wherein: 

said means for accessing a protocol table 
includes a protocol table pointer; and 

said protocol selection means operates to 
change the value of said protocol table pointer. 

30 6. A universal computer-printer, interface 

as set forth in claim 5, wherein said protocol selec- 
tion means includes: 
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means for changing the protocol table pointer 
in response to control codes transmitted from the 
computer o 

7o A universal computer-printer interface 
5 as set forth in claim 6 wherein said data transfer 
mode selection means includes; 

manual switch means effective to select a 
data transfer mode effective when said interface is 
started up; and 
10 means for changing the data transfer mode 

in response to a control code transmitted from the 
computer, 

8o A universal computer-printer interface 
for installation in a printer housing for connection 
15 to the printer and to selected one of a variety of 
computers, said interface being controllable to emulate 
any of a variety of printers, said interface comprising: 

register means, for registering data received 
from the computer; 
20 serial data transfer control means, for con- 

-troll ing the -f.lo.w of .d.a.ta _ f r.om_ the computer in .a serial _ _ 
fashion; * 

parallel data transfer control means, for 
controlling the flow of data from the computer in a 
25 parallel fashion; 

a multi-conductor cable for connecting said 
register means and said serial and parallel data transfer 
control means to the computer, said cable having a 
multi-pin plug for connection to the selected computer, 
30 and said cable being selected from a plurality of such 
cables with different multi-pin plugs designed for 
connection to different computers; 

protocol selection means, including a set 
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of switches mounted on the printer housing, for selecting 
from a plurality of protocols of printer control codes 
a protocol corresponding to a selected printer to be 
emulated; 

5 data transfer mode selection means, for select- 

ing an appropriate serial or parallel data transfer 
mode; 

data transfer signal polarity switches for 
selection of appropriate signal polarities to match those 
10 used in the computer; 

input buffer memory means, for storing printer 
control codes and character codes as received from 
the computer; 

print buffer memory means, for the temporary 
15 storage of data prior to printing; 

input processing means, operative in response 
to the input of data from the computer, to store incoming 
data in said input buffer memory means; 

output processing means, for transferring 
20 data from said input buffer memory means to said print 
buffer memory means, including means for generating print 
signals corresponding to the printable character codes 
transferred to said print buffer memory means; and 

means coupled to said, protocol selection 
25 means, for generating printer control signals in response 
to detection of printer control codes transmitted from 
the computer, whereby the printer will be controlled 
in accordance with the protocol of control codes of 
the printer selected for emulation. 

30 9. A universal computer-printer interface 

as set forth in claim 8, wherein said means for gener- 
ating printer control signals includes: 

first protocol translation means, activated 
by said input processing means to generate control 
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signals for printer control codes that are to be ini- 
tiated at input processing time; and 

second protocol translation means, activated 
by said output processing means to generate control 
5 signals for printer control codes that are to be 
processed at output processing time, 

10. A universal computer-printer interface 
as set forth in claim 8, wherein said protocol selec- 
tion means includes means responsive to control codes 

10 transmitted from the computer, for selecting a set of 
protocols for use in said --interface . 

11. A universal computer-printer interface 
as set forth in claim 8 r wherein said data transfer 
mode selection means includes manually switchable means 

15 for selecting a data transfer mode for use in said 
interface . 

12. A universal computer-printer interface 
as set forth in claim 8 f wherein said means for gener- 
ating printer control signals includes: 

20 " "" " means "for ~a"ccessing ■ a "protocol table corres-- 
ponding to a last-selected printer protocol, each 
entry in the table having a control code and a cor- 
responding pointer to a control function to be per- 
formed ; 

25 means for finding a match between a received 

control code and an entry in a list of control codes 
in the selected protocol table; and 

means for initiating the control function 
corresponding to the indicator in the matching entry 

30 of the protocol table. 



13. 
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as set forth in clain 9, wherein said first and second 
protocol translation means each include: 

means for accessing a protocol table cor- 
responding to a last-selected printer protocol, each 
5 entry in the table having a control code and a cor- 
responding poiknter to a control function to be per- 
formed ; 

means for finding a match between a received . 
control code and an entry in a list of control codes 
10 in the selected protocol table; and 

means for initiating the control function 
corresponding to the indicator in the matching entry 
of the protocol table. 

14. A universal computer-printer interface 
15 as set forth in claim 12 or 13/ wherein: 

said means for accessing a protocol table 
includes a protocol table pointer; and 

said protocol selection means operates to 
change the value of said protocol table pointer. 

20 15. A universal computer-printer interface 

as set forth in claim 14, wherein said protocol selection 
means also includes: # 

means for changing the protocol table pointer 
in response to a control code transmitted from the 

25 computer. 

16. A universal computer-printer interface 
as set forth in claim 15, wherein said data transfer 
mode selection means includes: 

manual switch means effective to select a 
30 data transfer mode effective when said" interface is 
strted up; and . 

means for changing the data transfer mode 
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in response to a control code transmitted from the 
computer . 

17. A universal computer-printer interface 
as set forth in claim 8, and further including: 

5 means for selecting a baud rate suitable 

to receive data from the computer. 

18. A universal computer-printer interface 
as set forth in claim 17, wherein said means for select- 
ing a baud rate is operable automatically in response 

10 to transmission of a first character code from the 
computer . 

19. A universal computer-printer interface 
as set forth in claim 8, wherein said means for gener- 
ating printer control signals includes: 

15 means for initiating a change in the propor- 

tional spacing allocated to a selected character. 

20. A universal computer-printer interface 
as set forth in claim 8, wherein said means for gener- 

a-ting- printer control signals -includes: - - - 

20 means for initiating right-margin justifica- 

tion by insertion of space increments between words 
of a print line, without changing the proportinal spaces 
allocated to characters within words. 

21. A universal computer-printer interface 
25 as set forth in claim 20, wherein said means for gener- 
ating printer control codes further includes: 

means for changing a margin justification 
limit indicative of the maximum space to be filled by 
justification. 
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